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t i v e  t o  t he  protons,  supports  the  contention t h a t  the  
more complex p a r t i c l e s  a r e  formed by successive 
nucleon pickup. 
The only ca l cu l a t i on  present ly  ava i l ab l e  t o  which 
the  da t a  can be compared a r e  semi-c lass ica l  calcula-  
t i ons .  Cascade ca l cu l a t i ons  p red i c t  a  prominent 
quas i - e l a s t i c  peak i n  t he  proton spectrum and t h i s  i s  
not  observed. For t he  more complex p a r t i c l e s ,  only 
ca l cu l a t i ons ,  a l s o  semi-c lass ica l ,  using the  exci ton  
model a r e  ava i l ab l e .  These only p red i c t  t he  angle 
i n t eg ra t ed  spec t r a  but  even f o r  t h i s  t he  agreement 
between experiment and ca l cu l a t i on  is  poor i n  both 
magnitude and shape. 
As expected, t he  angular  d i s t r i b u t i o n s  f o r  t he  
various ( f a s t )  p a r t i c l e s  were forward peaked, the  
more s t rongly  so  the  higher t he  p a r t i c l e  energy. 
Figure 1 shows, a s  an example, the  angular d i s t r i -  
butions of t r i t o n s  from 2 0 8 ~ b .  Angular d i s t r i b u t i o n s  
were not  g rea t ly  dependent on e x i t  p a r t i c l e  spec ies  
o r  on t a r g e t .  
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I n  plane particle-gamma coincidences have been 
measured fol lowing 80 MeV proton bombardment of 6 2 ~ i  
using the  cyclo t ron  f a c i l i t i e s  of t he  two i n s t i t u t i o n s .  
P a r t i c l e s  were de tec ted  i n  a t h r ee  element s i l i c o n  and 
i n t r i n s i c  germanium te lescope  placed a t  25.5', 35O, 
and 45.5' and t h r e e  Ge(Li) gamma-ray de t ec to r s  were 
loca ted  a t  135', -75', and -138' with r e spec t  t o  t he  
beam. 
A preliminary ana lys i s  shows t h a t  d i s c r e e t  
gammas corresponding t o  t r a n s i t i o n s  among the  low 
ly ing  l e v e l s  of various n i c k e l  i so topes  a r e  i n  coinci-  
dence wi th  a proton spectrum cons i s t i ng  of a  peak, 
FWHM=10 MeV, cent ro id  about 10 MeV above threshold  f o r  
each case,  and a t a i l  towards lower energies  ( see  
Fig.  1 ) .  The peaks i n  t hese  s p e c t r a  can be understood 
t o  a r i s e  from nechanisms such a s  62~i(p,p ') 62~i*+ x%  
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The t a i l s  r e f l e c t  t h e  r o l e  of processes such a s  
Figure 2.  Protons i n  coincidence with the 2333 keV 
2 ~ i  (p ,pxn) 62-x~i. More d e t a i l e d  a n a l y s i s  is  now gama-ray of ON<. Both accidentaZ coincidences 
and compton background have been subtracted from t h i s  
i n  progress.  spectrwn. 
Data have been so r t ed  onto l a r g e  a r r a y s  on t h e  
d i sk  and f o r  each of t h e  t h ree  angles  and i n  each of 
t he  t h ree  Ge(Li)-part icle coincidences t h e r e  a r e  two 
dimensional a r r ays  corresponding t o  prompt proton,  
deuteron and t r i t o n  coincidences.  Each has  another 
s epa ra t e  a r r a y  corresponding t o  twice t h e  acc iden ta l  
r a t e  t o  be subt rac ted .  I n  add i t i on  the re  a r e  gamma- 
gamma prompt and acc iden ta l  a r r ays .  Present ly  t h e  
gammas a s soc i a t ed  with continuum down t o  j u s t  below 
60 MeV e x c i t a t i o n  a r e  being explored,  but i n  t h e  e a r l y  
ana lys i s  one i n t e r e s t i n g  f e a t u r e  is not iced .  
The number of  protons of energy Ep observed i n  
t r u e  coincidence with any g a m e r a y  is  propor t ional  t o  
and those i n  random coincidence a r e  propor t ional  t o  
where C is a cons tant  t h a t  depends upon the  resolv ing  
time of t he  e l ec t ron ic s .  I n  t h i s  experiment t he  C 
was such t h a t  acc iden ta l s  were about 10% of t he  t r u e  
coincidences.  Inasmuch a s  nE is constant. tak ing  the  
P 
r a t i o  of (1) t o  (2) g ives  a quan t i t y  propor t ional  t o  
the  gamma m u l t i p l i c i t y  a s  a funct ion  of t he  proton 
s c a t t e r i n g  energy. 
I n  Fig. 2 t h i s  r a t i o  is  presented f o r  protons a t  25.5' 
i n  coincidence with t he  Ge(Li) a t  135'. The o the r  
two gamma d e t e c t o r s  show t h e  same bas i c  f e a t u r e s  and 
a l l  include lower m u l t i p l i c i t i e s  i n  t h e  63 MeV region 
of g i a n t  resonance exc i t a t i on .  
Var ia t ions  i n  t h i s  r a t i o  f o r  d i f f e r e n t  proton 
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Figure 2. Ganana-ray multiplicity ratios (arb ' t r a y  
nomatizationl with energy of protons a t  2 5 8  for 
coincidences i n  any of the three Ge(Li) g m a  ray 
detectors. The ar rm indicates the position o f  giant 
resonance around 1 6.5 MeV excitation. 
energies  may a r i s e  from d i f f e r e n t  mechanisms a s soc i a t ed  
with t h e  var ious  proton energies ,  e.g.,  both 
6 2 ~ i ( p , p ' )  62~ i*+~+61Ni*  and 6 l ~ i ( p , ~ '  n )6  l N i  may be assoc- 
i a t e d  wi th  60 MeV protons bu t  with  very d i f f e r e n t  gamma- 
ray m u l t i p l i c i t i e s  and e x c i t a t i o n s  of  t h e  r e s i d u a l  6 1 ~ i  
nucleus.  Differences i n  t h e  r a t i o  may a l s o  appear 
from d i f f e r e n t  components w i th in  e x c i t a t i o n  regions ,  
such a s  resonance o r  continuum s t a t e s  near  17 MeV 
e x c i t a t i o n .  
I n  t h e  v i c i n i t y  of t h e  g i a n t  resonance (58-68 
MeV proton energy) t h e  r a t i o  is  smaller  than t h e  
va lues  t o  e i t h e r  s ide .  The d i p  a t  69 MeV is understood 
a s  s t r e n g t h  near t h e  ground s t a t e  of 6 1 ~ i  with  low 
gamma-ray m u l t i p l i c i t y .  The lower m u l t i ~ l i c i t y  i n  
t h e  resonance region could r e s u l t  from low m u l t i p l i c i t y  
of the resonance and/or continuum. The fact that the 
ratio at 70-80 MeV is comparable to that of the 
continuum of 15-50 MeV proton energy indicates that 
the continuum multiplicity is likely fairly constant. 
At 45' the resonance structure is less than 5% 
of the continuum in singles and the ratio in Fig. 3 
is approaching the continuum value. In smaller bin 
sizes (not shown) there is a second dip present near 
the 2n threshold plus neutron evaporation energy. 
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Figure 3. Garma-ray muZtipZicity ra t ios  (arbitrary 
nonnaZization) with energy of protons a t  45.5' for 
coincidences i n  any of the three GefLi) gamma ray 
detectors.  The arrow ivdicates the position of 
giant resonance around 15.5 MeV exci tat ion.  
Ignoring explicit treatment of (p,pn) effects and 
in an empirical fashion, the continuum systematics 
are determined at 45' and the proportion of resonance 
at 25' is extracted from the accidental spectrum. 
This procedure implies that the resonance decays 
on average via 0.9 + 0.4 gamma transitions and, with 
the strength of the resonance at 45O, this number 
should be adjusted downwards. The result is in 
contrast with the continuum value of 5 and with the 
result of the 150 MeV alpha bombardment. For the 
alpha experiment the continuum behavior is less clear 
but does seem to vary more rapidly across the resonance 
region. More detailed analysis is underway to 
attempt to understand this crucial discrepancy. 
Measurements of the particle inclusive gamma 
multinlicity in a separate experiment does indicate 
6 1 
smaller gamma multiplicities for Ni transitions. 
We plan to perform a careful gamma multiplicity 
measurement into the continuum using an array of 
NaI detectors, a particle telescope, and a Ge(Li) 
detector for discreet transitions. 
The present data are consistent with the resonance 
near 16.5 MeV excitation of 6 2 ~ i  decaying a signi- 
ficant fraction of the time directly to ground states 
or first excited states. Further investigations of 
the particle-gamma ray coincidences are underway 
with a focus upon the more general continuum behavior 
as well as the resonance observations. These analyses 
and the upcoming multiplicity measurement will hope- 
fully provide some more direct evidence. 
